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Description 

[STRUCTURE OF A SUBSTRATE FOR A 
HIGH DENSITY SEMICONDUCTOR 

PACKAGE] 

Cross Reference to Related Applications 

[0001] This application is a non-provisional application of, and 

claims the priority benefit of, U.S. provisional application 

serial No. 60/319,909, filed January 28, 2003. 
Background of Invention 

[0002] The field of the invention: The present invention is gener- 
ally related to a semiconductor package, and more partic- 
ularly related to a structure of a substrate for a high- 
density semiconductor package. The present invention 
can be applied for making a ball grid array (BGA) package, 
land grid array (LGA) package or a pin grid array (PGA) 
package. 

[0003] Description of the related art: Grid array packaging has 
become a technique of first choice for connecting semi- 



conductor chips with a printed circuit board (PCB). This 
technology, namely, a BGA, a LGA or a PGA, is designed to 
make connection with a PCB. A conventional BGA, such as 
Amkor's Super BGA, comprises a laminate substrate, a 
metal die pad attached on the laminate substrate and a 
semiconductor chip attached to the metal member, 
wherein metal member functions as a heat sink for dissi- 
pating the heat generated by the semiconductor chip. 
Other prior arts such as ProLinx's Viper BGA and Substrate 
Technology Inc.'s Ultra BGA, comprise a build up multi- 
layer interconnect structure, which is directly formed on a 
metal panel to make the BGA substrates. These designs 
are generally called cavity down BGA substrates because 
the die is attached in a cavity on the bottom side of the 
metal substrate surface. However, the conventional BGA 
structures described above have the following problems. 
First, the die is usually located at a central region of the 
substrate and the interconnection wirings & the BGA sol- 
der balls are disposed along the perimeter of the sub- 
strate surrounding of the die and the wire bond pad areas. 
The BGA solder balls and wire bond pads occupy a signifi- 
cant lateral space on the substrate thus the substrate size 
becomes large in size having to accommodate the die 



area, the wire bond pad area and the BGA pads all on the 
same side. Further, larger space occupation also leads to 
extra consumption of material and correspondingly larger 
work-stations increasing the overall manufacturing cost. 
Furthermore, a larger substrate occupies a larger area on 
the printed circuit board and an increase of the corre- 
sponding product cost for the PCB which carries the sub- 
strate. Secondly, the thin film fabrication approach is used 
which has a high interconnect density. It results in a less 
number of wiring layers and a correspondingly a less 
amount of material usage and a shorter process cycle. 
This reduces the total product cost. Thirdly, since one of 
the primary purpose of the cavity down design is for heat 
dissipation, and the primary heat conduction path being 
through the BGA solder balls, but the BGA solder balls are 
disposed laterally adjacent to the die area and further- 
more being isolated from the semiconductor chip by a 
plurality of dielectric layers, and therefore the heat con- 
duction and heat dissipation are relatively poor. Thus the 
heat dissipation allowed in the semiconductor device be- 
comes more limited. 
[0004] Accordingly, it is highly desirable to improve the structure 
of the semiconductor package in order to resolve the 



above-mentioned disadvantages of the conventional 

semiconductor package. 
Summary of Invention 

[0005] According, in the light of the foregoing , it is an object of 
the present invention to provide a structure of a substrate 
for a high-density semiconductor package with the aim of 
resolving the problems of the prior art. 

[0006] one object of the present invention is to provide a struc- 
ture of a substrate for a high-density semiconductor 
package. 

[0007] Another object of the present invention is to substantially 
improve the heat dissipation efficiency of the semicon- 
ductor package. 

[0008] yet another object of the present invention is to substan- 
tially reduce the size of the semiconductor chip package 
so that the fabrication cost of a high density package de- 
vice can be reduced. 

[0009] yet another object of the present invention is to substan- 
tially reduce the space occupied by the semiconductor 
package on the PCB. 

[0010] | n accordance with the above objects and other advan- 
tages of the present invention, a structure of a substrate 
for a high-density semiconductor package is provided. 



The structure of the substrate essentially comprises a 
metal panel having a first surface and a second surface 
and an interconnect substrate attached to the second sur- 
face of the metal panel. The interconnect substrate com- 
prises an alternately stacked interconnect wiring layers 
and inter-metal dielectric layers. A plurality of conductive 
vias is disposed within the inter-metal dielectric layers to 
electrically connect the wire bonding pads which are part 
of the first wiring layer and is next to the second surface 
of the metal panel. The wire bonding pads are designed 
for electrically connecting with of the IC chip through 
bondwires. 

1 ] Furthermore, the first wiring layer is electrically connected 
to the ball pads on the bottom surface of the interconnect 
substrate through a plurality of wiring layers and conduc- 
tive vias. The ball pads are part of the lowest wiring layer, 
which is furthest away from the second surface of the 
metal panel. The plurality of wiring layers may constitute 
fan out layers, power/ground layers. A conductive struc- 
ture such as a solder ball may also be attached to each 
ball pad so that the package is electrically connected to 
the next level of electronic device, for example, a printed 
circuit board (PCB). Hence, the IC chip is capable of trans- 



mitting signals to external electronic devices through the 
package substrate. 

[0012] The first surface of the metal panel comprises at least a 
die attachment area at a prescribed location for attaching 
an IC chip. A plurality of openings or slots are formed 
within the perimeter of the die attachment area at pre- 
scribed locations exposing a portion of the inter-metal 
dielectric layer of the interconnect substrate within the 
openings or slots, for example, over the buried wire 
bonding pads. Next, lasers may be used to selectively re- 
move the exposed inter-metal dielectric layer until the 
wire bonding pads are exposed. Next, the wire bonding 
pads are plated with Ni/Au with an appropriate thickness. 
For attaching the IC chip onto the die attachment area, a 
layer of adhesive may be coated onto the die attachment 
area for the die attachment process. The IC chip pads and 
the Ni/Au plated wire bonding pads are bonded together 
using wire bonding, and thus the IC chip is electrically 
connected with the interconnect substrate. 

[0013] Further, according to a preferred embodiment of the 

present invention, at least one thermally conductive via is 
in direct physical contact with the second surface of the 
metal substrate, which is positioned underneath the die 



attachment area. Since the thermally conductive via is di- 
rectly in physical contact with the metal substrate under- 
neath the die attachment area on which the IC chip is at- 
tached, the heat generated by the IC chip can be effi- 
ciently conducted and transferred through the thermally 
conductive via to the PCB. It is to be understood that the 
heat conduction efficiency compared to the prior art in 
which multiple dielectric layers are disposed between the 
heat sink member and the IC chip to the printed circuit 
board which limit the heat transfer to the printed circuit 
board. In this invention heat transfer is promoted by in- 
troducing the thermally conductive vias in the inter con- 
nect substrate directly in physical contact with the metal 
substrate underneath the die attachment area on which 
the IC chip is attached to the printed circuit board. 

[0014] According to another aspect of the present invention, the 
whole second surface of the interconnect substrate is 
available for forming fan out layers, power/ground layers 
and the array of solder pads. Therefore not all of the ball 
grid array pads need to be routed out to the peripheral 
regions so that routing becomes simplified even when the 
semiconductor chip has a high density. 

[0015] According to another aspect of the present invention, the 



size of the semiconductor chip package can be substan- 
tially reduced so the total length of the interconnects from 
the die to the edges of the package substrate can be 
shortened and thereby reducing the signal transmission 
delays. In other words, the operating speed of the device 
can be effectively enhanced. 
[0016] According to another aspect of the present invention, the 
interconnect substrate is fabricated using thin-films which 
has a high interconnect density. A comparatively less 
number of interconnect layers are needed and hence less 
materials are required. The cost can be substantially re- 
duced from the material usage point of view. Further, the 
process is simplified and also the duration of process 
steps are shortened and therefore the throughput and 

overall fabrication cost can be effectively reduced. 
Brief Description of Drawings 

[0017] For a more complete understanding of the present inven- 
tion, reference will now be made to the following detailed 
description of preferred embodiments taken in conjunc- 
tion with the accompanying drawings. 

[0018] FIG. 1 is a cross-sectional of the BGA package of the 
present invention. 

[0019] FIG. 2 is a top view of the BGA package substrate shown in 



FIG. 1. 
Detailed Description 

[0020] Reference will be made in detail to the preferred embodi- 
ments of the invention, examples of which are illustrated 
in the accompanying drawings. Wherever possible, the 
same reference numbers are used in the drawings and the 
description to refer to the same or like parts. 

[0021] Referring to FIG. 1, the sturcture of the package substrate 
100 of the present invention essentially comprises a metal 
substrate 102 having a first surface 104 and a second 
surface 106 disposed opposite of the first surface 104, an 
interconnect substrate 122 having a top surface and a 
bottom surface, wherein the top surface is attached onto 
the second surface 106 of the metal substrate 102. 

[0022] The inter-metal dielectric film 122a that forms the top 
surface of the interconnect substrate 122 is in contact 
with the metal substrate 102 and is referred as the top 
layer of the interconnect substrate, and the inter-metal 
film 122d that forms the bottom surface of the intercon- 
nect substrate 122 is referred to as the bottom layer. For 
example, the interconnect substrate 122 consists of alter- 
nately placed fan out lines 130 and wire bonding pads 
130a on top of the inter-metal dielectric films 122b. A 



plurality of conductive vias 150 is disposed within the in- 
ter-metal dielectric films 122a, 122b, 122c and 122d, to 
electrically connect the wire bonding pads 130a. It is pre- 
ferred that the top layer 122a of the interconnect sub- 
strate 122 comprises a plurality of wire bonding pads 
130a for electrically connecting with pads 192 of the IC 
chip 190. 

[0023] Furthermore, the second wiring layers 132 are electrically 
connected to the ball pads 198 on the bottom surface 
through a plurality of wiring layers 134 and conductive 
vias 150. The plurality of wiring layers may constitute fan 
out layers, power/ground layers. A conductive structure 
such as a solder ball 170 may also be attached to each 
ball pad 160 so that the package is electrically connected 
to the next level of electronic device, for example, a 
printed circuit board (PCB). Optionally, a solder mask 
122d may be formed over the ball pads before forming 
solder balls are attached. Hence, the IC chip 190 is capa- 
ble of transmitting signals to external electronic devices 
through the package substrate 100. 

[0024] Preferably, the wiring layers 130, 132, 134, may be fabri- 
cated by using known conventional methods such as us- 
ing the lamination and wet etch process or the pattern 



plating the conductive layers such as the thin film semi- 
additive plating process. 

[0025] it is preferable that the metal substrate 102 is comprised 
of, but not limited to, copper, aluminum or stainless steel. 
It is further preferable that the size of the metal panel is, 
but not limited to, about 18x24 inches. 

[0026] At least one opening or slot or a plurality of openings or 
slots are formed adjacent to the perimeter of the die at- 
tachment area 108 at prescribed locations, for example, 
over the buried wire bonding pads 130a, wherein portions 
of the inter-metal dielectric films 122a are exposed within 
the openings or slots. Next, lasers may be used to selec- 
tively remove the exposed inter-metal dielectric films 
122a until the wire bonding pads 130a are exposed. Next, 
the wire bonding pads 130a are plated using Ni/Au to an 
appropriate thickness. Subsequently, a plurality of wires 
are used to electrically connect the IC chip 190 with the 
plated wire bonding pads 130a. For attaching the IC chip 
190 onto the die attachment area 108, a layer of thermally 
conductive adhesive 112 (not shown) may be coated onto 
the die attachment area 108, and then the IC chip 190 is 
placed into the die attachment area 108. Examples for 
thermally conductive adhesive layer are, but not limited 



to, thermally conductive epoxy such as thermoset or ther- 
moplastic epoxy. The pads 192 of the IC chip 190 and the 
Ni/Au plated wire bonding pads 130a are bonded to- 
gether using bonding wires 196, and thus the IC chip 190 
is electrically connected with the interconnect substrate 
122. 

[0027] Further, according to a preferred embodiment of the 

present invention, at least one thermally conductive via 
156 is attached to the second surface 106 of the metal 
substrate 102 underneath the die attachment area 108 for 
connecting with a PCB. Since the thermally conductive via 
156 is directly in physical contact with the metal substrate 
underneath the die attachment area connecting with the 
PCB, the heat generated by the IC chip 190 can be effi- 
ciently conducted and transferred away from the IC chip 
190 through the thermally conductive via 156 and the 
solder ball 170 to the PCB. It is to be understood that the 
heat conduction efficiency compared to the prior art in 
which multiple dielectric layers are disposed between the 
heat sink member and the IC chip 190 to the PCB which 
limit the heat transfer to the PCB. In this invention heat 
transfer is promoted by introducing the thermally conduc- 
tive vias directly in contact with the bottom surface of the 



die attachment area 108 on which the IC chip 190 is at- 
tached. The invention therefore provides a key advantage 
of significantly improving the cooling of the IC devices 
that are mounted in the package of the present invention. 

[0028] Further, the thermally conductive vias 156 and the electri- 
cally conductive vias 150 can be fabricated together using 
the same plating process and therefore the formation of 
thermally conductive vias 156 needs no special or addi- 
tional process steps. 

[0029] According to one aspect of the present invention, the Ni/ 
Au plating step is performed after the last layer of con- 
ductive metal is deposited and before it is patterned so 
that it is used as the plating bus to electrically plate Ni/Au 
onto the wire bonding pads 130a. The plating of Ni/Au on 
top of the wire bonding pads 130a will take place only if 
the fan out interconnect lines and vias do not have opens 
as defects. Since it is very easy to inspect if some of the 
wire bonding pads have missing Au on them, one may 
thus use visual inspection in lieu of the electrical test to 
detect the open defects on the substrates to be tested. 
This is a cost saving step. For this approach to work, there 
should be no floating or unconnected interconnect lines 
within the interconnect substrate 122 to the BGA pads. 



This is always true for a single chip package. However, for 
multichip packages, there are floating interconnect lines 
between chips which do not come out to the last layer of 
the interconnect substrate 122. In such cases, one can 
simply bring out the floating lines to the last layer of the 
interconnect substrate 122 where a short stub is used to 
connect to a solder pad there. By doing so, all intercon- 
nect lines are shorted together by the last metal layer. The 
said short stub is etched open when the last interconnect 
layer is patterned after the inspection. 

[0030] a thin layer of dielectric material (now shown) may be 

screened or laminated on the metal substrate 100 as part 
of a build up process. The layer of dielectric material may 
be comprised of glass fiber or any material capable of 
strengthening the areas where the slots are formed. A set 
of pedestals may be etched or plated on the surface of the 
metal substrate 100 at prescribed regions of the solder 
pads before the dielectric layer is deposited, so that the 
dielectric layer thickness in the prescribed regions is re- 
duced for better heat conduction from the metal substrate 
to the BGA pads. 

[0031] After the last metal layer is patterned and finished, a sol- 
der mask layer is deposited on the bottom layer, the metal 



substrate 102 is singulated into individual substrates to 
facilitate the die attachment and other assembly steps. 
The metal substrate 102 may be comprised of a single or 
a plurality of die attachment areas, wherein each die at- 
tachment area is designed to facilitate die attachment and 
other assembly steps. 

[0032] pig. 2 is a top view showing the IC chip 190 attached to 

the metal substrate 104 using the bonding wires 196 con- 
necting the pads of the IC chip and the wire bonding pads 
130a. A VSS ring 200 and a VDD ring 202 are arranged 
around the die attachment area. 

[0033] The interconnect substrate 122 including wire bonding 

pads 130a, wiring layers 132, 134, may be pre-fabricated 
and then attached to the metal substrate 102 as a part of 
the fabrication process. 

[0034] | n case of fabricating a PGA package, a plurality of pins is 
attached to the second surface of the interconnect sub- 
strate 122 to fabricate a PGA substrate. 

[0035] | n case 0 f fabricating a LGA package, a plurality of hard 

gold pads is plated on the second surface of the intercon- 
nect substrate 122 to fabricate a LGA substrate. 

[0036] According to another aspect of the present invention, the 
whole second surface of the metal substrate 102 is avail- 



able for forming fan out layers, power/ground layers, ar- 
ray of solder pads. Therefore the ball grid array pads need 
not be routed out to the peripheral regions so that routing 
becomes simplified even when the semiconductor chip 
has a high density of wire bond pads. Further, the above 
structure allows a substantial reduction of the semicon- 
ductor chip package size, and therefore the package will 
occupy a reduced space on the PCB. Because of the size 
reduction, the total length of the interconnects from the 
die to the edges of the package substrate can be short- 
ened and thereby reducing the signal transmission delays. 
In other words, the operating speed of the device can be 
effectively increased. 
[0037] According to another aspect of the present invention, 

since the interconnect substrate is fabricated using thin- 
films with a higher wiring density, a comparatively less 
number of wiring layers and a less amount of materials 
are required. Thus the cost can be substantially reduced. 
Further, the process is simplified and also the duration of 
most process steps shortened and therefore the through- 
put is increased and overall fabrication cost is effectively 
reduced. 

[0038] According to another aspect of the present invention, in 



spite of the increased wire bonding length due to the sub- 
strate thickness (about 0.5-0. 7mm), the substrate size re- 
duction is projected to be several millimeters. The total 
bond wire length can be considered to have two sections, 
the first section begins from the die pad 192 extending 
up to the level of the first surface 102 of the metal sub- 
strate 100 and the second section begins from the level of 
the first surface 102 of the metal substrate extending up 
to the wire bonding pad 130a. The first section of the wire 
is actually shorter than that of a conventional cavity down 
BGA wire. The second wire section begins after the wire 
reaches inside the die cavity, where it becomes a con- 
trolled impedance wire because the sidewall of the metal 
substrate 100 is also the electrical ground plane. Further, 
because the size of the semiconductor chip package is re- 
duced, therefore the total length of the interconnects from 
the die to the edges of the package substrate is short- 
ened, and the electrical performance of this invention 
should be better than that of an existing cavity down 
package design. 
[0039] while the invention has been described in conjunction 
with a specific best mode, it is to be understood that 
many alternatives, modifications, and variations will be 



apparent to those skilled in the art in light of the forego- 
ing description. Accordingly, it is intended to embrace all 
such alternatives, modifications, and variations which fall 
within the spirit and scope of the included claims. All 
matters set forth herein or shown in the accompanying 
drawings are to be interpreted in an illustrative and non- 
limiting sense. 



